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(57) Abstract: 

PROBLEM TO BE SOLVED: To safely obtain an n-type 
gallium nitride single crystal substrate that has an 
arbitrary carrier concentration without use of hazardous 
silane gas by adding oxygen as a dopant showing the 
n-type electronic conduction and allowing the substrate 
to have no part made of another material. 

SOLUTION: A mask is fitted to the substrate of GaAs 
(111) and a window positioned at the top of the 
equilateral triangle having one side in the [11-2] 
direction is attached to the mask and the GaN buffer 
layer is grown by through the HVPE process where H2 is 
used as a carrier gas, and GaN is formed reaction of the 
GaCI (from Ga and HCI) and with NH3, or through the 
MoC process where H2 gas is used as a carrier and GaN 
is formed by reaction of GaCI formed from an 
organogallium compound and HCI and with NH3. Then, 
the GaN epitaxial layer is thickly formed over the 
thickness of the mask by the HVPE method or the MoC 
method by using HCI containing O or water, NH3 gas, H2 
gas as a starting and/or carrier gas. Finally, GaAs 



substrate and the mask are removed. 
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Bfi**IR»*/^Kd*1i-TGaAsi!fitE 
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1 

• i "T * ttfcif U 9 A WMS IE o 

[it*:® 2] niO*tU78S^l x 1 0 1 6 cm 

- 3 -1 x 1 0 2 w cm" 3 2>m 

Umm 3 ] SXBtf ft* 1 X 1 0 1 6 c m- 3 -1 x 
1 0 20 cm- 3 <0«SQBrtT&oT^O^*^3&Btt»ffi 
#1 x 1 0 1 8 cm- 3 KTT*5*Sftatt5ll* 

[§a5i<ig4] S i ©Ig^ 1 x 1 0 1 7 cm" 3 J^TT 

[gfislcJHS] GaAs (111) S^(D±(C, YX^ 
[1 1-2] *|6jfc-ffl*»^iE = ft»fl!)lHjft 

^ffl^G aMiHC KUDGaCl JffOJ^- 
7l:«k^TGaNSt!SnHVPESXtt*t l )7# 
XiUThh *ffl^Gat«4KtHC la^TGa 
C 1 ^ffOT^-JCck^TGaNSSflctSMOC 

tt*t*trHC K NHs H 2 tfX^/im&tf* 

TVX^f^^iiTGaNxe^^yt;H^»<4 
fiEU GaAsSii:77^$iSLTniGaN(Di 

GaAs (111) ffi«(D±£, 
[11-2] [1-10] STf^tC¥ 

fr&isstwssKw-T [i 1-2] jj$)$.rz\z [i-i 

0] ^ftKW&X h^-f y^COVX^^L. +t'J7 
^<hLTH2 ^ffl^Ga^StHC IIUOGaCl 
^07> ; E-7l:ck^TGaNJMnHVPEffi 
Xte^i- 'JT/JX^LTHz ^IB^GafiMiHC 

1 CioTGaC 1 ^07> : e-7CJ;^TGaN^ 
«T^)MOC.rilIcJ;oTG a NA-;/ 77l^fijcl$ 
1t\ SSfcBfc*Xtt***tJHC l , NH 3 ^fX, H 2 
^XSiHftatX*^ U7^<i:LTffl^HVPEffi$& 
«MOCf£(Cct^T*TX^jP^^^ATG aNXtf^^ 
->i-;U/S£JP<£/3jcU GaAsIffid:7X^»-SU 

[0 0 0 1] 
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[0 0 0 2] 3 - 5{fr&«¥##TS«*«#«afc» 
GaAs, InP, G a P te£T'$>Z>. C 

[0 0 0 3] G aN(i/\'> K^-v ^^/£^«)T*fi58 

G a N^*<7)/t!lcoS{t:«ifgS©Wra*WH LT#feJ6$fc 
*fi:t5?^T^§, AS««oa«0±JCGaN«:lS 

fMJ:<«7Kf5<i:^50ttGaNta« i ©t)©t» 
£ 0 GaAs^I nP<0l/-iftttJc«SS«&tt^5 

[0 0 0 4] CJlTS[ftM**(|:tH5S8lt Ga 
N/:Wci:<AlN^ InN, GaNtA 1 N I n 

*^^tT— jK^^aWftetl^jRfltTtt&li. GaN^± 
(**C*^^A 1 Nt>-g5(C^tf^eG aNil^TLS 

30 tt*<STGaNT»S. 
[0 0 0 5] 

HJE*<Dttffi] SftttR^^&ffl^fclB**^ 
C0±(CG aNlH^MOCVDffiia^Txe^^yt 

40 [0 0 0 6] G aNgWR*«i*S<DT»£a>eK GaN 

*>&<I4x.<5o G aNi(OtST^^oc)il^«^:^^^^ 
nc^^^^f^/fi U^UcEHfttt Lfc G a NX tf 

C0)cl;^^t»^TGaN^^(OSffilJ^7 7'f 
5(7 ^a<S>£«l;:/fl<,>6n*. §^^^7 7^^ 



(3) 

3 

[0 0 0 7] U^Lit^r-f -fr*«icfe*.*3&t*S. S 

GaAs U-tf*I nPl/-*fTttatta>*BB# 
SftfcBtfc*. BBBT***&fi*MWilSlf*. *7 

SS^-fT*. W«K:«fc*BT*a*>S&#»BBS 
TfcH. g»*ttft<H«««E**M<»*ti*<a:*. 

[0 0 0 8] «3tt^*-K*#*«*ttB383ea>fc«6 
««WBT»*. L,*>Ul*7r<^tt»BB*<fcir> 

*fttf*S*l:9XA*6fy^i:»it*s. »BB 29 

[0 0 0 9] ^-£-e^B<£>&3 S i C^SKdiLTl 
l^im^lTO^, S i Ctttt^SEftfeGaNlr 

S i C^fittSta^KSlCftS. S i CS*©G 

[0 0 10] iJ"7 7<tSIS$fl!^§(!:> GaNi1t7 

Tf/^GaNrAWX^G a NX ;i//3Klte 1 

0 9 cm- 2 Sfficoi5S;Scoe^^^n^o G a A s 

teffiffc^Bienfc. GaNUlO 9 cm- 2 t>(om<^ 40 

[0 0 11] G a NWfefgft^K&^T, GaNxt! 
**z/*)Vm'V<D!Kl&ftmZ 1 0 9 cm" 2 Kt)JiT£> 

<o\*-ri\z\tmm&v7 r -f^tzfr 

77-ftT«GaNT^ < !:^^fDl^^> 



WBB^F 1 2-44400 

*r*?F*tt3ft«**. iJ-77^ftJ:l:»aa)ELO (Bp 
ilaxial Lateral Overgrowth) CJ; 0 {S^PfeCDG a NIB 

[0 0 12] D'7 7'ftafi^O^ 

5ftjMH:*oT, AS. •9-77^tI«±l:xh7^f 
^g^tt^^X^^M^ f(OJ:^6GaN^fi 

^^;u^-a*-^d-^ (elo) tus. 

ff^^f^^lKC- I I , vol. J81-C-I I, p 
5 8-6 4 

[0013] ^nfciatte*a>feo«tDt)^B*flE39< 

lfilC¥fTft«Ofc©ft«£ UN7^^) 

& O ft 92 & x = k A » x= (k+£) A (k«8 
t"**«"l?**. tftto*Xh7^7 p ©*ft#U-77-f + 

o [n-2] xii [l-io] ;^fa-c&3o /Sftlfflffl 

ffffl^ftSttWSffii^T^X^^ttG a NteJifcft 
L&l^. T*tW»ttft^3BJcanfcTifta)*7y -f 

6»c*©±*irtt«Stfttt»«-r*. T;**J;0±fcLH 
fclS»*6j8»B*«*lftIK:#tfv^^a)±Ct>ISIl* 

[0 0 14] fiEft^^6JCj#^"rs<hSOft^[fi]<hf£ 
fl&*|6ll:I»L&IB»8^60G.a Nfift^T* 

*6H-T*5. OiOGaNltMW^, IS 

tfS^I'l&^lt^f^T^I),, $&C"»<GaN 
[0 0 15] X h7l , 7 e 7X^(:J:oT^9/:GaN/ 

*7 7< vteit^ra, mn(z««ft«nftTftD. *77 

£><> ttJBD-^r'f + ooW-fcSSttJBT* 
t^l^BH^feS. $SOlT7 7-f -frtGaNBBO) 



5 

[0 0 1 6] GaN*f©Sfitt^ttt)Tt)GaN 
sWRfcA^. G a N¥18ao±(:G a NXfcf^ + y tJI^ 
rtiSli-St^BllfaeiictDfiit-rST**^. GaN 

[0 0 17] L^L^a n^JUX^-iitCctoT^yU 
iKSttttfS &¥*«»*lll«f L^oj«*S14-« C £ 

#t # § <t n to nt t ^ o mmrnxmu iz l & »n « & 

G a N 6*a«ia^T*3a:(fi*t»tta)-C* 

[0 0 18] *58W#«, CKDckd^ff^^e, G a A 
s mSR±\Z ELOl:±0GaN WILfeill G a A s 
&«£Xy^>^»£T*<!:^5Sil/l*G aNS«©^ 
bfc. ig^fc^&OGaAsSHRK^X^ 

mm x = 3 ,/2 kd, 

S§2f£ x = 3" 2 (k + 0. 5) d, 
[0 0 2 2] :^l:k, httSEftT*S,--^co^tt6 

3 ,/2 /2, ±1/2). . (0, ±1) T&£<> 
[0 0 2 3] ZftZm=fiJ&<Dm&\Z&$:ffltfTG a A 
s Iffi^bGaN£|&ft£i±3<h, 

It, ci^ltlt, G a A s [1-10] #|*]<hG 
aN [1-2 10] #ffl<fc£¥mcLTj;JfcBT*. Ga 

^SSft^tCG a DKte 6 
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tttttt«T**. iE = ft»©lia©**Sdt>tt«T* 
otaamgffil?»oTJ:U. *^>^fi y 1 ffl**rr 

[0 0 19] ^0 3I-TlEH^^/t^->(DH^^lM^(C 
MtS^tt08St**5, fOct^&BSILTGa 
AsICGaN^MS^t^ MAftSttilRe 
X tf * * -V Jl/ffift 2 i£Z>&ffi°V&2> o c <D&ffi&mm 
-fzmiz J:0G a N*MfiSSBi:fl5?tftS5. 

[0 0 2 0] ^^^Jl//*gffitt*5]£^#fCi^iNFgg¥9 
- 2 9 8 3 0 0^, 1 0 - 9 0 0 8^CP^lt 

G a A s (111) Ajffi*fc«BiSiCTX^*f* 

20 » [i 1-2] ^ffiifc i m^-DiEE.ikmm^m^L't 
<Dm=iHwm&izm&m°fz>o m 1 tevx^<£>&wg2E 

^lt^. (1 1 1) AM£^5£>kL GaCT 

GaAs (1 1 1) AiffifCiaSff -5 2«itt [I 1 
-2] <h [1-10] T & £o ^:ty = [11- 
2] , x = [1-10] t^O&OlZ (111) ifij±(' 

s ^ [0 0 2 1] 

y = h d ( 1 ) 

y = ( h + 0 . 5 ) d ( 2 ) 

[0 0 2 4]-S3*tC^AtfiEAft^<D|»0igL(CctoT 
SBofca^iEAftg©* it K 3 £ 3 {£ E £58 <fc 
T3o GaAs (1 1 1) A®l£;fcl>TG aN^&?24£ 
UT^ft»Jcj£^St*-t(D liattyWltaLAT**. 
»0<D2Z»iy«lK:#LT3 (T *fcT. (Ill) ABB 
TIEAftJgfiEfir*^©lja3&« [l 1-2] iciBAft: 
40 <ht>5C<hT&£. SOOSfltt [2- 1- 1] , [- 1 
2-1] :©MH4TGaAs|»(D*ttt 

[0 0 2 5] ^Hcifcf^ + y'tMfiLftGaNO 
Aftte, ^ntttiS?. GaAsttWIKJEi (zinc b 
lende) AL^a^T^-So GaNliA*MT»S*^ 
4OC0/^5^-^ (klmn) t3^oT^rfir$:^^-r 

StiCTftti. ^nfiStMCl 2 0' ^/cttii (a, 
5(7 Sc^k, i, niT^-5o k + 1 + m= 0 £ 1^5 ^M'J^^> 
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(a, b, dffi) HfittTfeO, c M» 0 6 Httfttt 
GaAs<£> [1 1 1] iffl£GaN(Dc^£¥?T 
ict^ck^^^fi^Ttin^o G a A s (ill) 

CGaNMttl^p G a A s (1 1 1) BfldGaN 
<D c Wl^ia^"r^o G a A s (111) ifff^, G a N 
(0 0 0 1) M^¥tTT?$>^o GaAsCD[ll-2] 
^TfTn (y fib) iC, G a N [10 -10] ^¥frT*^c 
GaAs<7)[-110] (xtt) l:GaN© [1- i0 

2 10] *t¥ffT»*. 

[0 0 2 6] :(Dj;5ftELOSffll*GaNSfiiDS 

»*GaAs*«±ICric«S***tJ«ajUfc, 
GaAsa«SX7f>^iU GaN(7>e5lBS*« 

[0 0 2 7] a4ttGaNOXe?*'>tMSOia8 
£tkTo 13 4 (1) «GaAsStR^VX^S:f*ttSSS: 
Htf^ttHB-rft^. 0 4 (2) tt-7X^C0SS(Z)ffl»f3(£ 
®TG a N/ty ? 7H«rScft$-a:fcJK16S:^"r. HI 4 20 

(3) tt£SKGaN*t|l«3i*\ JS**J»^bfct><0 
^^to «jaTl««$if*:Ay7rJitt«tta©GaN 
•V&Zffi* Wa-CGaNtfltSS-ttSiBa-CSllB^BSa) 

-6. +^ ^S^A^ § Jd^ G a N Sffi t ?i § o cnST* 
*g!G a Nl|l«rll^«El/ttlr^6**fcT*a^ofc 

^ (D^BJ^ }: J: o T G a NiS^ifltt^I 50 

simile* 

[0 0 2 8] 

fiSr^Tft*. Sf *G a NSKUMO C V DSTO < e» 
tltzo GaNlt?^*vtJH8Snil:t-6fc«)S i S: 

U^>'T^t>«)tt>'^>if^ (S i H« ) T*S. L^b 

[0 0 2 9] I«GaNxe^ + ytMfi@H /> 

[0 0 3 0] / > H-^TfcSOCt^ LlnSW 
? y > H — aNOfi»S**ft5t)©tooft^ft 
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[0 0 3 1] ¥«#aSBm(3Tt6«l«ttlX.3b:tf^*ft« 

#l^o ;>K-^SittnSI:ft4. GaAsttSBW 
tC^M^l^An^^i: n^^MT^o GaNli;>K- 

n6^©l:nil:&5^? J 
> K-yTS^OtdniS^^-SG aNO&*IM«n# 

* £ i*t*$B9l<DflS 1 CD 
BWTftSo S6»3nffl*^U7aiaEfc«H(UfcGaN 

[0 0 3 2] 

[l»IH*itfa"rsfc«>©#a] nfJ^GaNijg.flf;:^*. 

[0 0 3 3] HAaHVPES (A7-f K»ffl«»ffi) 
tGaN^xe^ + ytMS^t^l^ SflttGa 
*ft**HC 1 , 7> : ex7NH 3 

d:LT$in58*^GaNShai:t5OT»5. 
[0 0 3 4] G a N»fifcft^T8*^nS h 
Tr&O, «HWfc**ft#linUtt<Tt)na!«)e*tt«: 

#91 KG a N«3»l^Tm©Sf«It>&l^T*ntfK*<7> 
IC±ntfB**«G aNWn|H-/t>hi IT 
[0 0 3 5] tC-CniGaNSStlTliK-ZOh 
*l4»fcljfi^-5J:'5lwnffi!F— /t>htLT»£ 1 0 0 

[0 0 3 6] L*fefl:^«HTII*f4*V^8tt{b*ft« 
To 1X10' 6 cm" 3 — 1 X 1 0 2 0 cm' 3 (045 
K7?tt*J4nfflK-^>hT*0. BttfMWi*^. C 
ni:J:oT9eWniSfi<0 + t U7MH lxi 

[0 0 3 7] f «<f 7 t LTtiftlWJB Lft»6, 
ft#Wt:ttMOCVD^ *MH«BMSft£«(« 
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z>o &tz. ¥%wmz<DW3i\z&nimmmB£&&< 1 x 

l 0 1 8 cm- 3 &±lztez>£, y* Hl^**-ir>x 

j^3f^g£ 1 x l 0 1 8 cm- 3 ^T, ffSKIil 0 
1 7 cm" 3 KTJCffl»-r*<0^a*L^. GaAsi 

[0 0 3 8] 

1. HVPE (Halidc Vapor Phase Epitaxy) mtm% 

2. MOC (Melallorganic Chloride Vapor Phase Ep 

itaxy) mm&mmmm>m*-%i£ 

3. MOCVD (Metal lorganic Chemical Vapor Phase 
Deposition) tiMCVDS 

4. 

[0 0 3 9] tBftttAfldcAStt. G a &JR £T 
£o Ga+HC WGaCl^l^^t-lGaC 1 
*flsfl, 7>tz7NH 3 iGaCl^iaoT, 
GaN^±^t--5o G slC \ &ftZ><D*vmk%9£^0<D 
X$>Z>o MOCIiGa©t«4RGa (CH 3 ) 3 £Jg( 
Sit^o Ga (CH 3 ) 3 +HC1- GaCL Lmo 
RJST- B.G a C 1 £f£<5o 7>^-7NH 3 tGaC 
l^JSUcfcoTGaN^Jct^o dtlCcfc^TGa 
A s StSJttC 9 0 0X^£X_t CO Mlnk~C\ iBfflJt<OGaN£ 

[0 0 4 0] MOCVDffittGa©t«4IGa (CH 
3 ) 3 *JS»<hT^. N H 3 tm.miZ&foZ^T. Ga 
(Cl-h) 3 +NH 3 a Ntf 

[oo4i]*56«tti, 2<Djjmz\,zm~rz>o l^l 
"bo L^fe— h.g a c i *#*fc^'3n:aa*&^. ^*<e> 

^>*JI/JH*CiBAT£. f^MSt, 0JSt»g!£l 0 
1 8 cm- 3 ^T«Cffi^E.oS„^K<DGaN^f#«i:^<h 
-T^t^, MOC VDffiTHfiK-ftiaK^il-rffT, 
WCHVPEtt, MOCSl:»ttT?*ft:^ £ittbn£{ 

*l*><h«^gSc (nI+t'J7) izffi«St©Ra(CjEJt«M 



(6) 2-4 4 4 0 0 

ifffffiL&l* (1 0 1 8 cnr 3 SXT) M&X$>Z> 0 m 
m&G a N *TB« t ^M5B«l:*5©*tt*ett 

[0 0 4 2] fn^A., #5BW4* Ga C 1 SigaiLT 

n^M^GaN{c^o^<^^n^^^ir<»u 
sts^o jsfitt»s!LTS*, mm, 

[0 0 4 3] tt**K-^"r*fc»JC, *ft 
££*iJfflT#3 0 ffi*#A, *£IS£f;tfxcD^n(c* 

ig#&£. MOCfeHVPEfeHCl^SfflW. % 
BCttiS + HCliUTffl^. 7> ; £-7NH3 fc 

*^sts^gt>sai?»5, mm. 2Mi* h 

ClWSnsiGa*!. GatMI^LTG 
a 2 O^MU fcJ?>«CG aNi!Sffl + (wW36«cBlOii* 

[0044] »fcm»*H-^r-6©fc#aftar 

r£chbT, N H 3 »X + icH*fttf****-a:*^4:fc 
»**«** Cfc*«BLfc. N H 3 #Xt4, NH 3 + 7 Jc 

30 mm\z&tz-DX\*, mm, 7> 

[0 0 4 5] ♦JJStiot, GaNfflClU, ffift 

4*1X10' 6 c m- 3 — 1 x l 0 2 0 c m- 3 (OSBIffl 
tot, nSl** UT&fttf 1 x 1 0 1 6 cm- 3 —1 

xio^° cm- 3 <Dmm<DG aN»a*fp***«-r* 

S. rl^iiffi, *irU7«KI4»*U<I4 5x 1 0 ' 7 
cm- 3 ~5 X 1 0 1 9 cm- 3 X&2> 0 £9£?£L< 
(J 1 X 1 0 1 8 c m- 3 — 1 x 1 0 1 9 cm" 3 X$> 

[0 0 4 6] G a N»4«*1*-7 7-f 1ra«©±iCMOC 
VD^i:j;oTO<e > nt^. *©«*nfiF— /*> 
M4S i x^>^iX (S i H 4 ) **K- tf>^ 

^ti/tffi^ns. u^L^7>/Jx(4^^y/A-e 

&£>o *5e^f4^0<fcp^fe^^:^X$fli^^^< 
GaNM^O<^u(h^^§. fc/fLtf ^X^83^ 
bS i^GaNTOT a *l:SAt§o &*t^4Et»#A 
+ ^tttt<bUTGaNJBSi*M;:ffiAT*. £<Bfil4»Iffl 
50 ffiMXf^^o GaN*0S 
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STSS. 1 X 1 0 1 7 cm" 3 ^TT'^^Cd:^ * 
[0 0 4 7] 

l%nm\ [*JSW 1 : G a N/G a A s : HVP E 
3ffi§|CDHC 1 J) A] G a A s (111) ASfSS 
±{3, S i0 2 7 * M J V 

^ 7 w J: o TAtRflDSLtaiilWK^RKW /7 £ 
Jtmistz (HI) . < fitt©8-oH2wmftT?*5. G 
aAsHgO<l l-2>MC4Mme7f (=d) 
T 1 miZ&^&t Jt&mfrb 3. 5/im (=3 ,/z d/ 10 

2) «infcttiBk:*tfy?"r6*T, nuhfy^-cw©* 

(GaNA777i) 

(GaNXW + i/tM) 9 2 0t- 

[0 0 5 0] ^©/SfiC!)t0»l:^tiT77>O8 (2 m 
mft) 0*(DG a A s SI±Hlib/:G a N^O^ 
#T * *. SA^MCGa Nttfl*^^ £ ±ft»W3Sf 

As tJJffiOJSrfiBBWtftS (0 2) o BS©»»ttC 

6 ■ ft L Trtcft L fc G a N jft A *^*tt"r 
(0 3) o iE = ft»0)K^I<o»^6Aft»ttt«a«k: 

«><o 

[0 0 5 1] C^ffiWTHVPE (HAL IDE VAPOR PHA 
SE EPITAXY) 1*5 013. #JE0>KffiiiFl*lB8l;: G a ;* 
^i^Atl/:#- h£iR^U Ga^-h^SOO^ 

«U SffiMl:S$nt^5NH 3 tR«St, SIS 
[0 0 5 2] H5(r«IIS<OSSB«tflt*7S-r. $®S<£>£JS 
g^:fr<BIIi(**#AAPfi?3 CDiSTUG afg 5^$> 

::i:«Ga 6 3W»iBttJ|-CJR*an*, R«J!Pi 
®lLt*^)o ElS^l <©T#fctt»»n 1 

3^«b>, hc i + h 2 ^x^agA^n^o :n^STO 

l(DGa6<!:^t§ 0 ^^xAa4^e>, T>^r — 
7NH 3 + H 2 #Aj^A£n£o 
[0 0 5 3] R J&5tte, 2 G a + 2 H C H2GaC 1 
+ H 2 T&£o AKGaSTjafit-r^. Mt^otl 
ft £ lltt 6 A: 6 ffiib*^ CJ:oT-IGa 

Tii^^^^T'^^o mvm<DG amnzmofr*^? so 



<h<l 1 - 2>*|fi]t-a«:t>^-ai4Mm<OIEHft« 

[0 0 4 8] HVPESCJ:0, tt4 9 0 < C<7> 

<g}aJC*3l^T, 7X^/GaAs(OillGaN^e>^?) 
;b77i*8 0nmMLfc. $ £ td#ffl L 9 2 0 <C 
- 1 0 5 0X:<DMU\Z^X. GaNX^ + ytiH 
«r*9 2 0 0 fiirKOmfrlZJStftlstz. 

[0 0 4 9] O$0MM-a 

4 9 Ot: 8 0 nm 

105 Ot: 2 0 0 /zm 

-f HVPEil^©t»S. Ga-GaC 1 t&O. W 

7> : EX7NH 3 £ffl^£>. *<7)ffll<D:6fffiT & 7 >^EX1 
[0 0 5 4] CCtHC 1 #AteO^<D3fIf5<7)fc(7)£ 

(a) *M«i.LT*«»2 0 0 0 p pm^fcHC 1 
#A 

(b) 5pW«tbT**ttl 5 0 p pm^cHC 1 iJ 

A 

(c) ««*»r)iibfc*l«K<OHC 1 #A 

[0 0 5 5] 5 KHC 1 JJ7s\ttMWLlsTm 

[0 0 5 6] G a A s xn£EJfcJFa>e>ro 0 ffl"T <!:* 
«W«fcGaNl«»tiglKBI*»*LTLT^fc. Ctttt 
GaN/GaAstgjgt , $)§^^, 3Z*lCAftT. Ga 
AsS1S£i8»l»SLfc. iSoftOHGaNRm. 
cn«P$*% 2 0 0 MmSS<DteaigT*S, Ga 

#(DG a Nffid:t^^(h^^o 

[0 0 5 7] H C 1 \Z~D^T (a) — (c) CD^ftTlg 
gtftCDG aNSt££f£KU i«KOt + t 'J7i* 
n£j»ljebfc. KglfiffittS IMS (Secondary Ion-Ma 
ss Spectrography) \Z& r> XWife Ltz. ZtWttffi&tf 
A0M *>*M*tarTr: *>ft»^$-&«S9l 

[0 0 5 8] KIJSLfcHC I tfAKfcffi*. *tt^*tl 

(C^^n^o f5l^RT (c) WHCI^^cGa 

[0 0 5 9] [^mm 2 : G a N/G a A s : HV P E 
& 7k^jtaHC 1 #A] ttMltHWSU^TG 
aAs|«©il:GaNttfi*ffBUfc. o^O^A^ 
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£&oTH V P EffifCcfc 0GaNA*777l(!:GaNx 
hf^ + ^^^fflft^TS^t^jftttlslCT**. HC 
i^fX^biS^o HCl^tt+tUJtLT^Jc* 
tfXchdifcfCG a lC{fcJST£ +t'J7^ 

l:M6GaC l tc^^*^ C <h^T^^)o 
[0 0 6 0] (d) «0igU»«LfcW«l«HC l #A 
(e) jgjWi7K*AnfcA^^S:**^X^J:oTA^U 

fctfX (d + e) HC l^XtLTMffltS. HC 
1 K2*fS7K<&Jfcsp£3 0 0 0 p pm^TcoffiSfflT^X. 
fc* ^£9, H 2 O/HC l=0-3 0 0 0 p pmGOSfi 
ItiWCM^ftfc. 81»W2Ga + 2HC 1-2 
GaC 1 +H 2 <DBU&\Z&\i*XiHLifi9>*frZ>* ffiSSrt*G 
aCl©-«l:fflAt*. H-/^> h^LT*iJffl 

[0 0 6 2] [HM^I3 : GaN/GaAs : HVPE 
ffi, 8*SlDHCl<f7] SHIflltBWffiKAoT 
GaAsS«0lf:GaN«4SffBLfc. IEH«M«* 
«8SWt577^SffioTH V P ESsKJ; 0 G a NA 
777ld:GaNXW + '>t;H^mi:l^^ 
ani;-?**. ffifl^K* (hc 1) ^X^>LS^, H 
C i /f^«C«Hfl?lK:»**X*a'&T«, HC 1 #AtC 

7k&^i£'&z>m\z£z>T8im&mmMizG ac i ^£ 

[0 0 6 3] (f) »9iSL*ft«Lfc«««HC 1 # A 
(g) **BaK**X 

[0 0 6 4] cn&2««<o^sjia3a:Jt*T«^u 

fc#A (f + g) HC 1 #X<hLT*iJJBT&o HC 
1 \zM~TZ>mm<D);tm$: 3 0 0 0 p pmfiTFooiffieflTa! 
A^Co 0*0, O2 /HC l=0-3 0 0 0 p pm<£>82 
HTii«lS»fc«fba"a:fc. ffl^2Ga + 2HC 1-2 
GaC 1 + H 2 ^SlSfcfi^TB*^***^. &mtfi 
GaC 1 <0-«lc8AT<5. 
[0 0 6 5] [KlJS^M : GaN/GaAs : HVPE 
ffi, *»NH 3 #A] SISS^J 1 ^[eJ^^Fjifc^^TG 
aAsIfiOiCGaNjSM^SUfco 77 
JSttoTHVP EffilCckOGa N/t^77BtGaN 

x t? ^ * > -v juji £ £ <h n 5 ttH c r & 

N H 3 ilTsifimo. N H 3 *t'J7^(hl/T 
7jc^^ix^^/BT^o d<D7jc^^fXK7jc*figttiT^C<5: 

[0 0 6 6] (h) »t)jgU««LfcJ«|fifl[NH3 #X 

( i ) jH«*eAnfcAy5***<J7i:ioT;tyy 
[0067] erne 2mm<ntf7s$:mmteitmTi&&L 

fctfX (h+i) £7>^x7#X<hLT<£/fl-r&o * 



(8) «pBB¥1 2 -4 4 4 0 0 
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fi^:5ppm^^, 5 0ppmittt?tL NH 3 

T >^^7tfXty\Z^i£-&Z>7k<D&\t'Pte<T*% 
'>&< LTfcJt«W»*W»C, GaNtCIRDiii 

[0 0 6 8] [^SS(^J5 : GaN/GaAs : HVPE 

io mnmimvi* #a] uijbsct i tmcumtz^T 

GaAsSfi(Oii:GaN8flS:tf8Ufc. 7 
^^^oTHVPEffiiCcfcOG a N7\*y X 7 /i £ G a 

£><> N H 3 ^A^iS-5o N H 3 #A+K««K**fiA 

COS^ 1 0 p pm(^)t)(D, 1 0 0 p pm(Ofc0^|ffl L 

fz.o n h 3 tfxte, :nst'(DHC i ^^Cib^Ii: 

^? [0 0 6 9] m6\Z^mmi—MMm5^Z'D^X(D3 8 

<Dum\zz>\,*T<D&mmm/** u raaoasj&ig** 

*»«0 (cm- 3 ) «»*<*tU7*aEn 
(cm-- 3 ) T&£>o &it>Xi1km$0= n CDB^T^ 
5. C<^iS®^L±^»l3£^W^afe^. O=nifi»<0 
±£fc2^<0jfiW**S. Tldtt 4 0 = ntt^ 

< n ©»|^jft<0*^*V^<DTI6*Sfl:*tta^»± 1 0 
0 %&jigA&o 

[0 0 7 0] JftlfiC 1 0 0 %*&XZ><D\*W&\1tttfr*> 

u^. s iMSMfritna i i mfe&momz&m 
jgft* e> * ^ u 7 mm n a*&*»ffio Kitw-r * <t ^ ^ - 

flTC***^ ItfcS. lxio 1 6 -lxio 20 
4(7 cm- 3 (OjE^ISSffllC&^T^ *)7m&$:f8\mirZ>Z. 

[0071] *m»m$t&&^T*+ vrmmtrnxiz 

*V U7^itBT^) K-71> h^&^t?»-5^tto#0 
fn*©HC 1 #A£ffioTt>, G aNaffi^(^Sf5*C® 
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[0 0 7 2] £t±©|S*tt, HVPES (A5-fK«ft 

4»5MBJ5£ftffi (MOCfi : MetailOrganic Chloride) 
ctoTG a A S atE±ICGaN«a«r««**aitBi4: 

(CH 3 ) 3 CHCl #X£^TT, Ga C l BL£ 
Ji£U dtldy /^^TN II 3 ftflsflf^-frT, GaN^ 

h, GaNl»»fctt*Oii*n««H«a6T*3ti:^. 
[0 0 7 3] 

[«e8©J»*] *»Wtt, 8**«GaNl:*^TnS0 

O n a G a N jS«S*»t S C t *T*«. SiSH- 20 
[HI9®fflJ|lttK9l] 

[HI] G a As ( 1 1 1) Af^i LT^co±tC 
[02] 7X^O±/j^GaNX^^ytMl^t 
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^<h^X^I^^^«AT^L7t<h^G a N^IEA^ 

[S3] ^7,&m&&MKrzf&&VrziE-fsftm<DG a N 
«S^»ag-r«>St^e»fiEfiLfcjEAftJg<Z)G aNttt 

[14] GaN<Z>xtf^ + ->^;Pj«fi<DaS*»6t)L 
fz m. ( 1 ) ttGaAs!fil:77^0tffcH. 

(2) \*.^7s2<Dl&<DW>ft\ZG &Kny7Tm&Yfc&'£ 
■drfc^o (3) ttS 6iCG a N £ J£fl£i±fc[a<> (4) 

[H5] HVPES (A7-f H«««fiS) OttMEK 

[H6] GaN»atOi8*iB« (crn" 3 ) <h*^ 'J 

(cm- 3 ) ©nasa-r^:?. 

2 

5Gaif3 
6 G a 

7+h-try^ . 
8yt7h 
9GaAsli 
1 



[B6] 



( c m -3 ) 




(10) 



2 




(11) 



#W1 2-44 4 0 0 
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